To attain the 'next level of energy efficiency,' five key challenges must be overcome: increasing the magnitude of savings; diversifying energy efficiency resources; measuring and ensuring the persistence of energy efficiency savings; integrating energy efficiency savings with a carbon reduction framework; and understanding and valuing energy efficiency as part of an evolving grid.
I. Introduction
The urgency of addressing climate change and the changing electric grid require a ''next level of energy efficiency'' to mobilize energy savings that go beyond historical practice and integrate with a grid characterized by high levels of intermittent resources and variable load. To reach this next level, we must first understand the challenges ahead, which is the subject of this article. 1 This article focuses on California, but the challenges discussed apply elsewhere as well. Energy efficiency has a major role to play in the 21st century grid, but unless the challenges ahead for the next level of efficiency are acknowledged and addressed, we will waste valuable time and money in the struggle to address climate change. S ince the 1970s, energy efficiency has saved Californians nearly $90 billion on their energy bills and reduced California's electricity demand by more than 15,500 megawatts 
II. The Challenges Ahead
This article discusses five specific challenges:
The magnitude of energy efficiency savings must increase dramatically;
The sources of energy efficiency savings must diversify;
Measuring and ensuring the persistence of energy efficiency savings must become commonplace;
Energy efficiency outcomes must be integrated with a carbon reduction framework, and Energy efficiency must be understood and valued as part of an evolving grid, with utility-scale renewables, distributed energy resources (DERs), and significant load variability.
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T hese five challenges collectively present two additional hurdles. First, overcoming these challenges requires not only technological innovation and enhanced market strategies, but also significant changes in energy efficiency policy framework and agency governance. Changes by agencies themselves-in terms of the way that they interact with each other and stakeholders, how they define and track efficiency results, the policy rules they adopt, and how they use market forces to harness energy efficiency-are critical. While this is not the subject of this article, our research at Stanford University is also focusing on new tools and institutional changes. Second, energy efficiency traditionally has played a costmitigation role by both providing direct customer savings through reduced energy bills and lowering overall utility system costs. This paradigm will be pulled in different directions, however, as we begin to ask more from energy efficiency. On the one hand, obtaining higher levels of energy efficiency from ''higher-hanging'' and more diverse sources could require significant increases in utility customer funding and decrease the apparent value of energy efficiency in its traditional role as a cost-mitigation strategy. Figure 2 illustrates the reduction in energy use per capita from scenarios that reach the 2050 goal. In this particular model the decreased intensity is achieved through baseline reductions in the demand for some energy services, more efficient delivery of those services, and fuel switchingprimarily electrification of transportation and heating loads. These significant energy (and cost) savings make the model's supply-side low-carbon grid technologies more affordable at This modeling demonstrates the critical importance of California's current energy efficiency efforts but also reveals that additional policies leading to greater emission reductions will be needed in the longer-term.
B. The sources of energy efficiency savings must diversify
A second challenge is that the sources of efficiency savings must diversify, and focus on eliminating the waste of energy, whether caused by equipment, operation, or behavior. Figure 3 shows electricity being consumed in California's residential and non-residential buildings. While lighting has traditionally provided the most cost-effective savings (which offsets the more costly programs or non-resource programs, thus ensuring an overall cost-effective portfolio for utility-customer funded programs), building codes and mandates are decreasing the ''low-hanging'' availability of Lighting savings, especially through the use of LEDs, should continue to be pursued, since significant lighting savings potential remains. However, Figure 3 shows that non-lighting end uses in buildings account for approximately 78 percent in the residential sector and 71 percent in the non-residential sector. As energy efficiency plays an increasingly significant role in climate change efforts and the development of the changing electricity system, the efficiency savings must be dependable over time for purposes of system planning and procurement, achievement of GHG goals, and system reliability. Most approaches to measuring energy efficiency only identify projected savings based on engineering calculations or by estimating initial savings. Measuring initial real-time metered savings in buildings after measures are installed (or behavioral changes made) is still rare, let alone assessing persistence of those savings over time. The most obvious approach to measuring aggregate savings-developing robust energy consumption baselines and measuring changes across entire market segments in real-time-is also rare.
With increased smart meter data and sophisticated data analytics, we now have the ability to identify changes in building energy usage and track the magnitude and persistence of whole building savings, as well as measure changes in consumption across all market segments.
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Advanced analytics can enable cost and scale efficiencies and quicker feedback loops between projects, programs, and utility planning. Customer alerts can send notifications through email and mobile when actual savings are not tracking as expected. However, moving toward whole building real-time monitoring of efficiency and away from widgetbased deemed savings will require a paradigm shift. In so doing, we will come to a better understanding of the most effective drivers of savings and also enable pay-for-performance approaches to encouraging energy efficiency. The purpose of the electric grid today is the same as it was nearly a century ago when it was first conceived: ensure that adequate, reliable, and useful sources of energy are available to homes, businesses, and industries. The way that the grid achieves this goal, however, is changing fundamentally. Utility decoupling, rising integration of distributed generation, implementation of carbon prices, and smart grid technologies are altering the supply system, the functionalities of the grid, and the role of customer loads and resources. As the grid makes this transition, we must likewise alter our view of energy efficiency and its value to the grid. Properly targeted demand-side load reductions and flexibility will ensure grid reliability, optimizing use of grid investments, minimizing grid costs, and unlocking value to end users. Below we address this evolving role of energy efficiency in two regards:
Energy efficiency can defer transmission and distribution system and generation investments 28
Energy efficiency, targeted in location and by load shapes, can be useful in dealing with grid constraints, both assisting in reliability and by deferring more expensive supply side investments. 29 The CPUC currently uses standard avoided costs embedded in its cost-effectiveness calculators to value savings from the pilot locational programs. 35 However, the CPUC has acknowledged that it may be appropriate to depart from those Edison deployed geographically targeted energy efficiency programs to defer T&D system upgrades in more than one-third of its distribution networks and provided more than $300 million in net benefits to its customers. 38 Con Edison has now embarked upon a major new deferral project, proposing to invest up to $200 million on non-traditional solutions, including DERs, in a targeted portion of Brooklyn and Queens, to defer or avoid distribution system upgrades related to subtransmission feeder capacity constraints. Three aspects of Con Edison's approach are noteworthy: Continued evolution of Con Edison's internal approach to higher-level management involvement and integrated/inter-disciplinary staffing;
Research into and development of new data-driven analytical tools; and 39 A proposed earnings mechanism to enable utility shareholders to profit from investment in non-wires alternatives.
Energy efficiency can help integrate high levels of renewables and intermittent resources into the grid
The electric grid is changing to manage high levels of renewable resources whose power output varies with physical conditions (wind and sun) in a way that conventional fossil resources do not. This evolving grid requires handling of new supply-side intermittency to reduce costs and ensure reliability. Understanding energy efficiency's role and value in this is just beginning. California is now targeting 50 percent renewable procurement by 2030. 40 The CAISO has produced its well-known ''Duck Curve,'' which represents the net load on the grid (e.g., total demand minus wind and solar generation) on a spring day (March 31), culminating in 2020, when California has brought on line renewable energy to meet 33 percent of its retail energy sales, as currently legislated ( Figure 5 ). The problem shown in the duck curve is the increasing supplies of wind and solar that do not coincide with daily peak energy demand. Just as the sun is going down and solar panels are producing less power, people are going home and turning on their lights and televisions.
T he duck curve illustrates two areas of concern. First is the possibility of excess generation in the middle of the day due to the inability of the thermal fleet to integrate large amount of solar generation resulting in solar generation being curtailed and over-generation. The second area of concern is the need for resources to ramp up quickly enough to meet the evening peak. In particular, the steep ramp seen between about 5 and 8 p.m. poses challenges for California's current electricity market structure.
The CAISO, California state agencies, and a number of experts ELECTR-6192; No of Pages 13 have identified energy efficiency as a key solution to these issues. 41 The use of energy efficiency (and other strategies such as demand response and storage) collectively are described as ''teaching the duck to fly.'' 42 Energy efficiency can help in two ways. First, energy efficiency programs focused on elements of the evening peak can permanently bring down the ''duck's head''. 43 The second way is to target energy efficiency to the hours when load ramps up sharply. Energy efficiency measures have differing savings over time (both day and annually) and thus have their own ''ramp rates'' that can help (or even hurt) in mitigating the ramping shown in the duck curve. In one of the few studies on the subject, the Natural Resources Defense Council (NRDC) has tried to measure how effective a particular energy efficiency measure is during a peak ramping period relative to its average effectiveness. 44 NRDC also utilized energy efficiency measure load shapes that show the shape of energy savings (as opposed to end use load shapes that show the shape of total consumption). NRDC concluded that because residential lighting is a major contributor to the extreme evening ramps in the duck chart, more efficient resident lighting (in their analysis, the use of residential CFLs) appears to be particularly effective in mitigating that ramp (though it may also make the morning downward ramp more demanding) (Figure 6 ). I n this area, the integration of energy efficiency and demand response are particularly important. Smarter appliances, better controls (better usability as well as more appropriate control algorithms), and related efforts can be used for both energy efficiency and demand response. This overlap is a strength only if policies and programs acknowledge the need for and value of both. Another interesting aspect of evening loads-cooking, lighting, entertainment, etc.-is that they are significantly under the direct control of occupants. Behavioral methods are also likely to be important here.
ELECTR-6192; No of Pages 13
Please cite this article in press as: Grueneich In addition to greater research, policy changes are needed to recognize this potential. The current policy framework assessing the value of energy efficiency does not incorporate benefits of energy efficiency for integrating non-dispatchable renewables. Just as the current cost-effectiveness methodologies include avoided energy and peak generation capacity costs, they should be expanded to include ''net peak savings'' and ''ramp rate reductions''.
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T he above discussion examined energy efficiency savings curves based on average load shapes. However, recent research by Stanford's Ram Rajagopal suggests that customer load profiles vary widely and can be categorized into more than 250 different typical load shapes. 47 The CAISO duck curve represents the aggregate of these load shapes, but energy efficiency measures are implemented individually. Thus, the timing and effectiveness of a particular energy efficiency measure will be highly dependent on a customer's load shape. Furthermore, the value of a particular energy efficiency measure on a particular load profile varies. Taking customerspecific load shapes into account can potentially revolutionize the way that utilities determine which customers they target with which energy efficiency programs. Though energy efficiency is not dispatchable, strategically targeting customers for particular energy efficiency (and demand response) measures based on their load curves has the potential to control the grid level load profile in ways that benefit the entire system. 48 
III. Conclusions
For over four decades, energy efficiency has contributed significantly in reducing customer and utility costs, creating jobs, and decreasing environmental impacts. Its role is becoming even more important as we focus on the urgent need to reduce GHG emissions and to ensure reliable and affordable grid operations. This article describes five key challenges for this ''next level'' of energy efficiency: (1) the magnitude of energy efficiency savings must increase dramatically; (2) the sources of energy efficiency savings must diversify; (3) measuring and ensuring the persistence of energy efficiency savings must become commonplace; (4) energy efficiency outcomes must be integrated with a carbon reduction framework; and (5) energy efficiency must be understood and valued as part of an evolving grid. Unless these challenges are understood and addressed, we will fall short in achieving this next level of efficiency and deep decarbonization goals. Simply put, none of the deep decarbonization pathways are affordable without very significant energy efficiency.
O ur research at Stanford is focusing on the steps-a combination of technology, policy, and markets-needed to overcome these challenges. There are new tools-e.g., intelligent efficiency, financing, advanced technologies, better understanding of how to use behavioral interventions-that are becoming available. How to rapidly integrate these new opportunities into the historic efficiency framework and ensure they address the challenges discussed above is a critical issue. Institutional agency governance affects both strategy and execution around each of these elements and therefore merits further investigation as well. & Endnotes:
1. Once the challenges facing the next level of efficiency are understood, the second step is identifying new tools and opportunities to address those challenges. The third step is ELECTR-6192; No of Pages 13 21. Research at Stanford is exploring the disconnect between the current policy framework and the challenges of the next level of efficiency. 28. This discussion focuses on energy efficiency to defer distribution investments. California has made significant strides in incorporating planned energy efficiency savings into the CAISO's transmission planning process.
